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PHOSPHORYLATED GLYOXALASE I AND ITS USE 

The present invention relates to a phosphorylated form of mammalian glyoxaiase 1. The 
present Invention relates further to the use of phosphorylated mammalian glyoxaiase I to 
modulate methylglyoxal (MG)-modification of proteins (AGE formation) and consequent 
cell death, especially upon stress such as oxidative stress, or upon TNF treatment. 

Tumor Necrosis Factor (TNF) is a pleiotropic -cytokine, originally described for its ability 
to cause hemorrhagic necrosis of certain tumors in vivo (Carswell et aL, 1975). In 
addition to its anti-tumor and anti-malignant cell effects, TNF has been reported to 
influence mitogenesis, differentiation and immunoregulation of various cell types. 
The activities of TNF are mediated through two cell-surface receptors, namely TNF-R55 
(CD120a) and TNF-R75 (CD120b), which aire expressed by most cell types. TNF's 
effects are mediated primarily through TNF-R55. Upon activation of the receptor, 
adaptor proteins such as TRADD and TRAF are recruited and bind to the intracellular 
part of the clustered receptor (for review, s6e Wallach et aL 1999). These receptor- 
associated molecules that initiate signaling events are largely specific to the TNF/nerve 
growth factor receptor family. However, the \ downstream signaling molecules are not 
unique to the TNF system, but also mediate effects of other inducers. Downstream 
signaling molecules in the TNF system identified so far include: caspases, 
phospholipases, the three mitogen-activated protein (MAP) kinases, and the NF-kB 
activation cascade. 

TNF-induced cell death in L929 cells is characterized by a necrosis-like phenotype and 
does not involve DNA fragmentation (reviewed by Fiers et aL, 1999). It is independent of 
caspase activation and cytochrome c release, but is dependent on mitochondria and is 
accompanied by increased production of reactive oxygen intermediates (ROI) in the 
mitochondria that are essential to the death process (Goossens et aL, 1995; Goossens 
et aL, 1999). The latter was demonstrated by the fact that lipophylic anti-oxidantia when 
added 3h after TNF treatment could not;; only arrest the ongoing increased ROI 
production but could also arrest cell death (Goossens et aL, 1995). Furthermore, the 
mitochondria translocate from a dispersed distribution to a perinuclear cluster (De Vos et 

aL, 2000); functional implications of this mitochondrial translocation remain unclear. 
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h effort has been directed at the molecular mechanism of the caspase- 
Whiie much effort has been air**, jNF-induced ROI- 

! «n-l f2D> qei electrophoresis. It isiknown that upon act.vat.on of the TNF 
dimensional (2-D) gei eiecuvp 

1S31 '- , . rtf them are transient and related to the 

upon binding of TNF to its receptors and most of them are tra 

gene-inductive activities of TNF. 

To identtfy molecUes that a* involved In the cytotoxic proems <~ * - 
^otor-proximal events, lysates from cells that had been stimulated wrth TNF for 1.5h 

.ooaty, oncoprotein » (Opt. stathmin, has - 
«, reproducible and large increases in phosphorylation upon TNF-treatment Optt- 
re sponsib,e for W-induced microtubule J stable tha promotes ^ - 
rVancompernolle et at., 2000). Unexpectedly, we were able to demonstrate 
£ZT. is also phosphorated upon TNF treattnent. Phosphorated _l,an 
glyoxalase I has not yet been described. 

Glyoxalase ,. together with 9 tyoxa,ase ... constitutes the glyoxalase system that is an 
Igral component of the celtular metabolism of a-Ketoatdehydes and ,s respons,bie for 
^detoxification of the tatter. The prtmeiphysioiogical substrate of the giyoxatase 
Tvst ^ s methylglyoxa, (MG), which is cytotoxic The ntajor source of intracellul ^ 
L glycolysis namety, non-enzymatic and enzymatic elimination of phosphate rom 
^ydlyacefone phosphate and gtyceraldehyde-^hosphate. The giyoxatase system, 
using gltbione rGSH) as cofacte, caters the eonv^o, ^ ^ 
lactate in two consecutive steps (Racker, 1951). Glyoxalase caea.y* 
Nation of the hemithioaceta, produced by the nonenzyme «£-n- 
methyiglyoxa, with gtutethione (GSH). to s-fWaotoyiglutefhione whroh - then hydrolysed 
, rltoUtase 11 to D-lactate and GSH. D-lactate is then further metabolrzed to pyruvate 

dLxiLtton system, it has been suggested that g*oxa,ase 1, together wtth » substrate 
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MG, is involved in the regulation of cellular growth (for a review see Kalapos, 1999), but 
until now this role has not been found. Increased expression of giyoxalase I occurs in 
diabetic patients and in some types of tumor such as colon carcinoma (Ranganathan et 
al., 1993) and prostate cancer (Davidson et al., 1999). Also hypoxia can lead to 
5 increased expression of giyoxalase I (Principato et al., 1990). Recently, it has been 
shown that giyoxalase l is involved in resistance of human leukemia cells to antitumor 
agent-induced apoptosis (Sakamoto et aL ? 200b). 

It is a first aspect of the invention to provide phosphorylated mammalian giyoxalase. The 
10 phosphorylation may be a single or a multiple; phosphorylation. A preferred embodiment 
is a phosphorylated mammalian giyoxalase; ! comprising SEQ ID N° 1. Preferably, 
phosphorylation is carried out at position Ser:8 and/or Ser 21 and/or Ser 26 and/or Thr 
107. 

Another aspect of the invention is the use of a phosphorylated giyoxalase I to modulate 
15 MG-modification of proteins. Said phosphorylated giyoxalase I may be any giyoxalase I, 
know to the person skilled in the art, such as a fungal giyoxalase I or a plant giyoxalase I. 
Preferably, said giyoxalase l is a mammalian giyoxalase L MG-modified proteins or 
advanced glycation end products (AGEs) are known to be synthezised in response upon 
a number of pathophysiological conditions iri vivo, such as cataract formation (Shamsi 
20 2000), vascular complications associated with chronic diabetes (Shinohara et al.. 1998), 
tissue damage after ischemia/reperfusion (Oya et al., 1999) and aging (Corrnan et al., 
1998). The term AGE, as used here, is used for any MG-modification of a protein, 
irrespective the way it is formed; the term MG-modification of proteins is considered as 
being equivalent with the term AGE formation:: 
25 Still another aspect of the invention is the Use of phosphorylated giyoxalase I, or an 
inhibitor of the phosphorylation of giyoxalase I,, preferably mammalian giyoxalase I to 
modulated TNF induced cell death. Said inhibitor can be any inhibitor that inhibit the 
phosphorylation of giyoxalase I; preferably 'said inhibitor is an inhibitor of the PKA 
activity. 

30 A further aspect of the invention is the use of phosphorylated giyoxalase I, or an inhibitor 
of the phosphorylation of giyoxalase I to modulate stress induced cell death. Preferably, 
said stress is oxidative stress. Oxidative stress, followed by ROI induction and AGE 

3;;. 
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♦ ^„r in several organisms, including plants, yeast, fungi and 

gly0 xa,ase , to modu,ate oxidative ^ U ^tUp h o^ *— BY 

5 modulating the phosphoiylahon of glyoxaiase 

induced cell death, preferably oxidative stress, can be modulated. 

10 ~e~Sxa,ase ■ inhfcitor s^moben^on^ -TNF 
Luced cytotoxicity in L929s ceils. in function ofthe locution hme. TNF . added a. a 
loanhaL o, fOOO units/ml; the inhibitor is added 1MM pnor to TNF at a 
I— " of 10 pM (G-10) or 20 uM 0*» The time scaie is ca,cu,ated from the 

" develop w„h anMruman giyoxaiase I p**- - 

JLensionat gels ( P H 3-tO, from tota, eel, lysa.es derived from centre, i «h W. 
s , V oxa,ase I inhibitor S-p-bromobenzy,g,u,a,h,one diester (20 J ™ 

Led ca,,s (TNF) and celis seated whh TNF and giyoxaiase I ,nh^ (™ ♦ * e* 

20 treated with fhe PKA inhibitor H89 (5 m W - •* «— W ^ 

Rau» 4: 89 e!fec. of different concentrations exogeneousiy added methylglyoxa, on TNF- 
S - death. Measurement after 5.5 h of incubation with TNF and methylglyoxal at 

25 ZTTZT^ conceptions of the AGE fomtation «*, 
££JL» on the TNF-induced eel, death; Measurement after fSh o, .ncubaoon 
with TNF and aminoguanidlne at a concentration aa indicated. 

Figure 6: inhibition of TNF induced cell death by the PKA inhibitor MB (2 h pre- 
£L* in function of the incubation time. The concentration of the inhibitor H89 is as 
30 graph. The time sca te fc. calculated from the moment of fhe TNF add,„on. 
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EXAMPLES 

Materials and methods to the examples 

Cell lines and cultures 

All L929 cells were cultured in Dulbecco's modified Eagle's medium supplemented with 
5 heat-inactivated fetal calf serum (5% v/v), heat-inactivated newborn calf serum (5% v/v), 
penicillin (100 units/ml), streptomycin (0.1 mg/ml), and L-glutamine (2mM) 1 at 37°C in a 
humidified incubator under a 5% CO2 atmosphere. 

Reagents 

Murine TNF (mTNF) was produced in E. coli aind purified to at least 99% homogeneity in 
10 our laboratory- It had a specific activity of 1-9x10 8 IU/mg of protein (National Institute for 
Biological Standards and Control, Potters Bar,. UK), contained 4ng of endotoxin/mg 
protein, and was used at 1000lU/mL Propidium iodide (PI) and cyclohexlmide (CMX) (all 
from Sigma) were used at concentrations of 30pM and SO^g/ml, respectively. 

Measurement of TNF-induced cell death by flow cytometry 

15 Cell death in L929 was induced by addition ofTNF to the cell suspension. Cell death was 
measured by quantifying Pl-positive cells by . FACS (FACSCalibur, Becton Dickinson, 
San Jose, CA). The PI dye was excited:; with an argon-ion laser at 488nm; PI 
fluorescence was measured above 590nm using a long-pass filter. Routinely, 3,000 cells 
were analyzed. Cell death is expressed as the percentage of Pl-positive cells in the total 

20 eel! population. 

Radiolabeling of cells and preparation of the sub-fcellular protein fractions 

L929 cells were plated 48h prior to the exjperiment. 32 P labeling was carried out as 
described in (Guy et aL. 1992). TNF treatments (1000 lU/ml, 1.5h) were done in the 
presence of cycloheximide (CHX), to synchronize cell death. To simplify the 2-D 
25 phosphoprotein pattern and subsequent computer-assisted analysis, we prepared two 
subcellular protein fractions. The cytosolic protein fraction, containing soluble 
cytoplasmic molecules and molecules derived from single-membrane organelles, was 

5;;;. • 
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opined as me supernatant from digKonin e^W*«n-*- «* 

* «Hh excess PBS buffet, the remaining cell fraction was lysed in a CHAPS (2 A) 
once with excess Ktsa oun . centnfuged 
containing buffer as described in (Guy et al., : 1992). this tysaie 
Sow and .he supernatant was used as: .be organelle fraction: * ,s ennobed for 
mitochondrial and cytoskeleton-derived proteins. 

Twa-diagnsisn a! P n ' " al electrophoresis :.. 

fcoefecf* fccus/ng. Isoelecttic focusing was carded ou. on 18 cm IPG strips, pH 4-7 or 
p^io (Amersham Pharmacia Biotech), according to the manuka tnsbucbons. 
Protein samp.es were precipitated wi«t ethano. and redissolved in ,ys,s butter. 
SOCAGE. The second dimension (SDS-PAGE) was run on large vertical gels tfU A 
acrylamide, Biorad). 
w^tem blotting 

Proteins were separated by SDS-PAGE (12.5 %) and transferred to a PVDF -membrane 
(Hybond-P, Amersham Pharmacia Biotech), The blots were incubated with an anti- 
human giyoxalase I antibody, fotlowed by ECL-based detection (Ame^ham Pharmaca 
Biotech). \ ; 

Ajnino agjd, saa MBSS analysis b " MM ni-n*"* spectrometry 

Following in-gel digestion of the excised protein w«h endoproteinase Lys-C (sequencing 
grad e; Boehringer. Mannheim, Germany), a 10% aliquo, of the genera. ed pepbde 
mixture was purified and concentrated on Poms® 50 R2 beads (Gevaert et a,.. 1998, 
Gevaert et al„ 1997) and used for MALDt-MS pepUde mass fingerpnnt analysts. 
However, party due to contamination with human keratin peptides, the obtained peptide 
mass map did not lead to any unambiguous protein idenflncatlon in a non-redundant 
protein database. Therefore the remainder of the peptide mixture was separated by RP- 
HPLC a total of 20 fractions containing eluUng peptides were obtained, which were all 
analysed by MALDI-MS. Adequate peptide ions were further selected for post-source 
decay (PSD) anaiysis (Spengler et al.. 1992)>. A PSD-spectrum obtained 
ion with a mass of 902.42 Da (measured injlinear mode) present in the f,rat RP-HPLC 

6: . 



On tvangst tijd 



31. i an. 13:51 £ 



Afdruk tijd 31. jan. 14:05 



ui wut 14:00 FAX +32 9 2446610 VIL* 

+32 9 2446610 



KVC/GIyox/079 . • 

fraction, could be unambiguously assigned to the peptide NH2-SLDFYTR-COOH present 
in human glyoxalase I (database entry number 417246) using the SEQUEST algorithm 
and a non-redundant protein database. Following a search in an EST-database the 
same peptide sequence was identified in many different mouse EST-clones. The 
identified peptide contains an arginine residue at its C-terminus instead of a lysine; an 
observation which we made several times when endoproteinase Lys-C was used as the 
protease. 

In order to confirm our initial finding, PSD-analysis was conducted on a peptide with an 
apparent mass of 1396.53 Da present in RPfHPLC fraction 11. Based on the partially 
18 0-Iabelled y-type fragment ions, a peptide sequence tag (391 .24)YAI/LF(885.67) could 
easily be obtained. Furthermore a SEQOEST-search in a non-redundant protein 
database lead to the identification of the peptide NH 2 -FSLYFLAYEDK-CCOH also 
belonging to human glyoxalase I. Again the same peptide sequence was found in 
different mouse EST-clones using the PSD-data and a SEQUEST-search in an EST- 
database. Based upon the amino acid sequence of human glyoxalase I, masses of 
peptide ions observed in the different RP-HPUC fractions could be assigned to the 
identified protein. Hereby, a total of 38% of the amino acid sequence of the protein was 
covered, again confirming the identification of glyoxalase I. 

Assay of glyoxalase I activity 

The glyoxalase I assay was performed according to a spectrophotometric method 
monitoring the increase in absorbance at 240 nm due to the formation of S-D- 
lactoylglutathione for 4 min at 20°C. The standard assay mixture contained 2 mM MG 
and 2 mM GSH in a sodium phosphate buffer (50 mM, pH 6.6). Before initiating the 
reaction by adding the total cytosolic protein; fraction to the assay mixture, the mixture 
was allowed to stand for 10 min to ensure the equilibration of hemithioacetal formation. 

D-Lactate measurements 

D-Lactate measurements were performed bjy a fluorimetric assay using an endpoint 
enzymatic assay with D-lactate dehydrogenase (McLellan et al. 1992). 
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. sorted aS : the^2-methylquinoxaUne (2-MQ) derivative 
lntra ce.lular free methylglyoxa. . the general approach of 

of methylglyoxa. formed with ^-^^ at 20 -c until 

. 1Q Qft\ c; amD i e s arrived frozen on dry ice and were siorea m 
(Ch3P : stZ JeJ « at room temperature an. maintained on ice dudng the 

3553/6 flTSItLn. was increased to 2.5 m, with « -tor and the 
assay procedu re . Sampte vo ^ ^ ^ ^ ^ precipitate 

were then centntuged 02.000xg. 10 min,:; to; remove ^ ^ ^ , J. 
supernatant was passed through a 0-18 SPE .cartridge (Waters Sep Pak icmp 
supemaram k . Dreo ared by flushing with 6-8 

— nC^t: ^ -0 (daring agent, and reacted at .0 -C lor 



3.5 to 4 h. 



n::,rrr— a«er dertvatfcafld. For c^ntradon. - sampies r 
IsTmrough a C-18 SPE cartridge, prepared as desodbed above, a, a rate o -2 
ZT, The cartridges are then rinsed with1-2 m, 10 mM KH2PC4 (pH 2.8, an^e 
ZL» eluted wflh 2 m. W acetonim,e. Eiuates^ere evaporated to a voiume of 200 ml 
no a savant Speed-Vao Concentrator vacuunvcen.rifuga.lon unit (Savant instruments, 
^r LC flflered through 0.2-mm Oeiman PV DF fliters (Pfcher Scien.iflc. 



Chicago, IL) into sample vials 
HPLC of Quinoxalines 



) 



hp" aa desodbed previously (Chapien e, a, 1**, but w„h a mobfle 

renting of 38% ace.onitri.e*.,, trifluoroace.icac.dpH » and 88%J0mM 
phosphate/0.1% trffluoroacetic acetic acid in; HPLC grade water. pH 2A Under these 
Rifled conditions. 2-MQ eiuted after 7.8 min and 5-MQ etuted after 11.2 mm. 
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Example 1: TNF induces increased phosphorylation of Glyoxalase I 

Fig. 1 shows the autoradiogram of the twordimensional gels from TNF-treated and 
control samples that were derived from cells labeled with 32 P-orthophosphate. The 
5 protein spot with increased phosphorylation identified as glyoxalase I is indicated by an 
arrow. It was identified by mass spectrometryianalysis of a peptide mixture derived from 
an in-gel digestion of the excised protein spot. The increased phosphorylation of 
glyoxalase I is already observed after 15 min of TNF treatment, but is much more 
pronounced after 1.5h of TNF treatment (Fig- 1). This indicates that the TNF-induced 

10 phosphorylation of GLOl is an early but lasting event. Phosphorylation of mammalian 
glyoxalase I has not yet been described, but ttie sequence does contain several potential 
phosphorylation sites (Ranganathan et aL, 1^93)1 Interestingly, phosphorylation of yeast 
GLOl has been observed during the sexuat response of S. cerevisiae - specifically, 
during the arrest of cell division at the G1 phase, : which occurs when haploid cells of one 

1 5 sex are exposed to the mating factor of the opposite type of cells (Inoue et al. f 1 990). 

Example 2: The Glyoxalase I inhibitor S.»p*bromobenzylglutathione diethylester 
Inhibits TNF-induced cell death 

20 To examine the role of glyoxalase I in TNF-induced cell death, we tested the effect of the 
cell permeable competitive inhibitor of glyoxalase I S-p-bromobenzylglutathione diester 
on cell death. Preincubation (1h10min) of L929 cells with this inhibitor strongly inhibits 
TNF-induced cell death in a concentration dependent manner (Fig. 2). An inhibition of 
60% was obtained at a concentration of 2Q jiK/l of the inhibitor. However, when the 

25 inhibitor and TNF were added at the same time, a synergistic effect on TNF-induced cell 
death was obtained (50% increase in cell dearth at a concentration of 20 nM of the 
inhibitor). This synergistic effect is more pronounced at lower doses of TNF; that is, 
when the cells die more slowly. 

30 
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emm ^ 3: T*e G/yoxa/ase , MM* ^j*.******""* effete, 
inhibits the rawnduced phoshotytation of 9 /yoxa(ase I 

This differentia! effect of the inhibitor on W-inducod eel! death p^mpied us to 

5 ^IcedphoephotvtationofOUOn. 

an an—n gtyoxafcse , po,yc.ona, antibody, of *^™*^^Z 
• ^ t, nrn tmf trpated and contro cells and from TNF-treaieo ana 
total cell lvsates derived from TNr-treaiea 

zzz »». «« « p-**- *— • 1 inhiw, °r r:i s 

^ can see that TNF induces a more acidic phospho.soform of 

toe between the most .eft isoform and the .matn non-phosphon,,^ fern,, n *e 
tier panels, one can see that tn the preaeripe of ft. glyoxalase . ,nh.Mor TNF cannot 
induce the more acidic phosphoisoform of giyoxalase I (identical » patterns as tn the 
1S contro,) These data show that the competitive inhibitor of glyoxatase I S-p- 
oromobenzyglutathione inhibits the TNF-iniuced phosphotylatlon of GLOt and tha 
phosphorated glyoxalase i is essentia! force!, death. These data also suggest that 
phosphorylation of glyoxalase I modulates the active site of the enzyme. 

20 Thus, the differential effect of the GLQ1 inhibitor on TNF-induced cell death can be 
explained as follows: 

. when the cells are ore-treated with the inhibitor, the inhibitor is already bound to GLG1 
and thus hinders the TNF-induced phosphorylation of GLQ1 which then leads to 
inhibition of phosphorylated GLOI-med^ted MG-modification of proteins and 
25 consequent cell death. ^ KiC 
. however, when the cells are treated Wiethe inhibitor and TNF together, the TNF- 
induced phosphorylation of GLQ1 occurs firit (via a receptor-activated kinase cascade) 
and the inhibitor can only bind to non-phosphorylated GL01 (and not to phosphorylated 
GL01) leading to inhibition of GLQ1 and^thus to accumulation of M3, resulfcng m 
30 phosphorylated GLOI-mediated MG-modification of proteins and consequent cel. 
death. 'X . 

iti - 
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Example 4: TNF-induced phosphorylation of glyoxalse I does not inhibit 
methylglyoxal detoxification 

For many years, a-ketoaldehydes, exemplified; by methylglyoxal, have been known to be 
5 carcinostatic, but their direct use as anti-caricer drugs is prevented by their rapid 
detoxification in vivo by the glyoxalase system. Therefore, glyoxalase I inhibitors have 
been developed as potential anti-cancer agerrts (Vince and Wadd, 1969) (Thornalley et 
aL, 1996). Bearing this in mind, one would expect that TNF-induced phosphorylation of 
GLOl would result in inhibition of the enzyme and thus in accumulation of MG with 

10 cytotoxicity as a consequence. However, ourjpxperiments with the GLOl inhibitor do not 
support this expectation, because we would 'then expect a synergistic effect of the pre- 
incubated inhibitor on TNF-induced cell death. Indeed, measurements of GLOl activity 
in lysates derived from TNF-treated and control cells showed no inhibition, but even a 
limited increase in GLOl activity in TNF-treateid cells. These experiments were repeated 

15 several times and each time gave the same results, with an average increase of 8% after 
1h of TNF-treatment and 12% (from 0,086 ±0>003 to 0 f 106±0,001 units per 8,5pg of total 
protein) after 1.5h of TNF-treatment. Measurement of the concentration of the end 
product of the glyoxalase system D-lactate [showed an increase of 60% after 1>5h of 
TNF-treatment compared to control cells. This further confirmed that TNF did not inhibit 

20 GLOl activity and that an increased flux of MG is converted through the glyoxalase 
system in TNF-treated cells. 

Example 5: TNF increases the intracellular^concentrations of methylglyoxal 

25 As we consider it very unlikely that TNF woiild cause an increased detoxification of MG 
through the glyoxalase system, a more plausible explanation is that TNF induces an 
increase in the intracellular concentrations of MG via a pathway other than inhibition of 
glyoxalase L An increase in the intracellular concentration of MG would then also 
automatically result in an increased flux of ;MG through the glyoxalase system and an 

30 increased GLOl activity. Therefore, intracellular concentrations of MG were measured 
with a method that not only measures fri^e MG, but also MG bound to biological 
molecules (majority of the MG), mainly proteins (Chaplen et al. a 1998). Two independent 
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experiments were performed in which in.race,lular concentrations of MG were measured 
In TNF-.rea.ed (1.5h) L929 cells compared to control cells. Each sample was measured 
Z£ -d each time gave very reproducible result, These result showe « 
TNF strongly increased the intracellular concentrations of MG. with an mcrease of 32/. 
5 (from 0. 91 pMo.e in control celts to 1.20„Mo.* in TNF-.rea.ed cells) in .he 

and 94% (from 1,24pMoie in comro, cells to 2»e in TNF-.rea.ed celts) ,n the other 

experiment. 

Also exogeneously added MG is strongly synWgisttc wlm TNF-induced cell death in a 
10 concentration dependent manner (Fig 4). while MG atone and used at the same 
' concentrations is no. cytotoxic for L929 cells. ; The syne^istio effect of exogeneously 
added MG is more pronounced a. lower doses of TNF (100 UM) and also earner ,n I NF 
abetment. This result can be explained by the fact that .he TNF-induced increase of 
endogeneous MG is more drastic at higher doses of TNF (lOOOUfml) and later in TNF 
15 treatment. 

ExamplB 6: Inhibition of AGE formation inhibits TNF-induced cell death 

Increased endogenousiy produced levels of Jdicarbonyls, especially methylglyoxal, are 
20 involved in numerous pathogenic processes in vivo, including the formation of advanced 
glycation end-products (AGEs) which contribute to the pathophysiology of aging and to 
complications associated with chronic diabetes. They have been detected in several 
pathophysiological conditions in vivo, such as cataract formation, vascular complicates 
in diabetes, and tissue damage after ischem.a/reperfusion. All these conditions are 
25 characterized by increased oxidative stress, and recently it was shown that mitochondnal 
ROS are the direct cause of increased concentrations of MG and thus AGEs format,on in 
diabetic hyperglycemia (Nishikawa et al., 2000). Since TNF-induced cell death in L929 
cells is characterized by increased production:* mitochondrial ROS (Goossens et al.. 
1995) (Goossens et al.. 1999) which are essential for cell death and increased levels of 
30 MG we tested whether irreversible protein modification by MG plays a role in .NF- 
induced cell death. For this we used Wminoguanidine. a nucleophilic hydrazine 
compound and inhibitor of AGE formation in vivo (Brownlee et al.. 1986). The 
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percentage of cell death in L929 cells after j6h of TNF treatment (20 U/ml) with and 
without aminoguanidine is shown in Fig. 5. A maximum inhibition of cell death of 25% 
was obtained in the presence of 600 or 800 pM of aminoguanidine and 15% inhibition in 
the presence of 400uM. This inhibition was tess pronounced (average of 15% to 20%) 
5 when the cells died more rapidly by giving higher doses of TNF (500-1 OOOU/ml). This 
could be due to the fact that the reaction of aminoguanidine with MG and MG-modified 
proteins is rather slow and that the MG protein modifications that occur during TNF- 
induced cell death are more rapid at higher doses of TNF and could even be 
enzymatically catalysed. These data indicate that irreversible protein modification by 
10 methylglyoxal might play a role in TNF-induced cell death. 

Example 7: The PKA inhibitor inhibits TNF-induced ceil death and TNF-induced 
phosphorylation of g/yoxatase ! 

15 As it has been already shown that PKA is activated by TNF (Zhang et al. f 1988). we 
examined whether pretreatment (2h) of L929 cells with the PKA inhibitor H89 had an 
effect on TNF-induced cell death. As shown in Fig. 6, the PKA inhibitor inhibits TNF- 
induced cell death in a concentration-dependent fashion and to a similar extent as the 
glyoxalase I inhibitor. Even an inhibitory effect was already obtained at relatively low 

20 concentrations of the inhibitor (1 uM), while at the highest concentration (5 uM) an 
inhibition of more then 50% was obtained. These data thus indicate that PKA plays a 
role in TNF-induced cell death. Next, we examined whether PKA was also responsible 
for the TNF-induced phosphoryaltion of enciogeneous glyoxalase I in L929 cells. As 
shown in Fig. 3, pretreatment of the cells with; the PKA inhibitor completely abolished the 
25 induction of the more acidic isoform by TNF; This suggests that the inhibitory effect of 
the PKA inhibitor on TNF-induced cell deam could be largely due to the inhibition of 
phosphorylation of glyoxalase 
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Leu Ser Cys Cys Ser Asp Ala A*p k ^ 30 
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1 A phosphorylated mammalian glyoxalase I. . 

2. Z prLphotyiated mammalian giyoxaiasa I aceordinc, to ..aim 1. compr,s,n 9 SEQ 



3 . The use of a phosphorated glyoxaiasa i ahd/or an inhibitor of the phoaphoryiation to 
modulate MG-modification of proteins. 

4. ThTuae of a phosphorated gl yoxa,ase , and/or an inhibitor of the phosphoryiauon to 
modulate TNF induced cell death. . . rt 

5. The uaa of a phosphorated 9 ,yoxa, a se . and/or an inhibitor of the phosphory^on to 

6 rr r.5i«- *— • — - ,h ° phosphotyiation 

according to claim 5. whereby said stress is oxidative stress. 

7 T^use of a phosphorylated glyoxaiase l^nd/oran inhibitor of the 

Hording to elm 3-6. whereby said phosphorated glyoxalase . is a mammal.an 

8 T^fa phosphorated glyoxalase I andean inhibitor of the phosphorylation 
according to claim 3-6, whereby said inhibitor is a PKA inhib.tor. 

g. The use of PKA to phosphorylate glyoxalase I. 
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ABSTRACT 

The present invention relates to a phosphorylated form of mammalian glyoxalase I. The 
present invention relates further to the use of phosphorylated mammalian glyoxalase I to 
modulate MG-modification of proteins (AGE: formation) and consequent cell death. 
5 especially upon stress such as oxidative stress, or upon TNF treatment. 
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